Introduction
============

Normal abdominal cavity fluid of adults is less than 50 mL, mainly playing the role of lubrication in the cavities and is generally not easily collected. A large amount of abdominal cavity fluid is accumulated after surgery for gastrointestinal or retroperitoneal tumors, and it is standard practice to place a drainage tube in the abdomen to drain the residual hemorrhage, effusion, chylous fluid, pancreatic juice, and intestinal fluid.[@b1-cia-10-367]--[@b6-cia-10-367] Surgery for gastrointestinal or retroperitoneal tumors is a common and complex kind of general surgical operations, and its common postoperative complications are bleeding, biliary fistula, pancreatic fistula, chyle fistula, intestinal fistula, and abdominal cavity infection.[@b7-cia-10-367],[@b8-cia-10-367] Drainage insertion is an effective method of managing possible leakage, providing evidence of leakage or postoperative hemorrhaging, or preventing postoperative infection by discharging blood and avoiding the formation of abdominal abscesses.[@b9-cia-10-367],[@b10-cia-10-367] Data of abdominal cavity fluid are a predictive marker for future postoperative complications. Abdominal cavity drainage fluid can be used as an early diagnostic tool of postoperative complications, and observing the characteristics of abdominal cavity drainage fluid can help us to judge and handle any postoperative complications as soon as possible.[@b1-cia-10-367] There is still no accurate standard reference range for the characteristics of abdominal cavity drainage fluid after surgery for gastrointestinal or retroperitoneal tumors, and thus clinical laboratories can only borrow the reference range of serous cavity effusion. Therefore, the current research attempted to analyze the characteristics of abdominal cavity drainage fluid in Chinese patients without postoperative complications after surgery for gastrointestinal or retroperitoneal tumors, and offer an experimental basis for establishing a reliable standard reference range for abdominal cavity drainage fluid used to detect any postoperative complications.

Methods
=======

Study participants
------------------

From June 2012 to July 2013, 262 patients were diagnosed with gastrointestinal or retroperitoneal tumors at the General Surgery of Chinese People's Liberation Army General Hospital and enrolled in the current study. All of these patients had no bleeding, biliary fistula, pancreatic fistula, chyle fistula, intestinal fistula, or abdominal cavity infection, and smoothly discharged from the hospital. According to preoperative computed tomography, magnetic resonance imaging, and postoperative pathology, patients with the following were excluded: those without a tumor tissue source of gastrointestinal or retroperitoneal tumors, such as lymphatic hematopoietic or urogenital tumors, and those with tumors of a wide range and preoperative ascitic fluid. Study patients were divided into groups according to the type of tumors: upper gastrointestinal tumors, lower gastrointestinal tumors, and retroperitoneal tumors. The study protocol was approved by the Ethics Committee of the Chinese People's Liberation Army General Hospital (Beijing, People's Republic of China) and in accordance with the Helsinki Declaration of 1975 (as revised in 1983). Each participant provided written informed consent to be included in the study.

Data collection
---------------

From the first postoperative day, abdominal cavity drainage fluid was collected in the morning until the liquid drainage tube was pulled up, and then the total amount of abdominal cavity drainage fluid was measured. Meanwhile, the color and transparency of the fluid were recorded. The drainage fluid specimens were sent to the clinical laboratory of the Chinese People's Liberation Army General Hospital, and then the density, pH, the total number of cells, the total number of white blood cells, the number of multinucleated cells, the number of monocytes, and the levels of sugar, protein, and chloride were measured.

Statistical analysis
--------------------

Categorical variables were reported as number with percentage, normally distributed continuous variables as mean with standard deviation, and non-normally distributed continuous variables as median with interquartile range. Differences between the groups were analyzed using the chi-square test for categorical variables, independent *t*-test for normally distributed continuous variables and Mann--Whitney test for non-normally distributed continuous variables. All statistical tests were two-sided, with *P*\<0.05 as the level of significance. Statistical analyses were performed using SPSS software (v17; IBM Corporation, Armonk, NY, USA).

Results
=======

For all patients, there was a median age (range) of 55 (19--72) years, and 150 (57.3%) were men. There were 93 (35.5%), 115 (43.9%), and 54 (20.6%) patients who underwent surgery for upper gastrointestinal tumors, lower gastrointestinal tumors, and retroperitoneal tumors, respectively. The total amount, density, and pH of the abdominal cavity drainage fluid were 204 (0--6,195) mL, 1.032 (1.011--1.047) kg/m^3^, and pH 7.0 (5.0--7.5), respectively. The total numbers of cells and white blood cells were 1.3×10^11^ (5.5×10^8^--6.2×10^12^)/L and 3.7×10^9^ (1.0×10^7^--5.0×10^11^)/L, respectively. The levels of sugar and protein were 3 (0--37) mmol/L and 39 (1--272) g/L. The mean characteristics of the abdominal cavity drainage fluid are shown in [Table 1](#t1-cia-10-367){ref-type="table"}. The total amount of abdominal cavity drainage fluid, the total number of cells, the total number of white blood cells, the number of multinucleated cells, the number of monocytes, and the levels of sugar were statistically significantly different between the three groups (*P*\<0.05 for all). The color, transparency, density, pH, and the levels of protein and chloride were similar between the three groups (*P*\>0.05 for all).

Discussion
==========

For several decades, the routine use of postoperative abdominal drainage has been standard practice in abdominal surgery.[@b1-cia-10-367]--[@b6-cia-10-367] Most surgeons insert routine drainage following abdominal surgeries. The early identification and monitoring of fluid collection in the abdomen, the detection of postoperative bleeding or anastomotic leakage, and the prevention of their negative impact on the patient's recovery can be accomplished by postoperative abdominal drainage.[@b9-cia-10-367],[@b10-cia-10-367] Due to the lack of a standard reference range for the characteristics of abdominal cavity drainage fluid after surgery for gastrointestinal or retroperitoneal tumors, clinical laboratories have no choice but to use the reference range for serous cavity effusion as an alternative standard. The present study is the first Chinese study to examine the color and characteristics of abdominal cavity drainage fluid in patients without postoperative complications after surgery for gastrointestinal or retroperitoneal tumors. The information of abdominal cavity drainage fluid could pave the way for the establishment of a standard reference range for abdominal cavity drainage fluid, outside of which could prompt the emergence and development of postoperative complications, and thus help with the prompt diagnosis and control of postoperative complications.

The current study showed that a great number of cells and white blood cells were present in the abdominal cavity drainage fluid of patients without postoperative complications, and demonstrated that a certain amount of cells and white blood cells are not an indicator of infection. Postoperative stress, ischemia reperfusion, and tissue repair can lead to aseptic inflammation as well as the increase of cells and white blood cells in the abdominal cavity drainage fluid. After surgery for upper gastrointestinal tumors, lower gastrointestinal tumors, or retroperitoneal tumors, there was a difference in the total numbers of cells and white blood cells in the abdominal cavity drainage fluid, which could be caused by the distinction of peritoneal distribution and lymphatic drainage.[@b11-cia-10-367]--[@b14-cia-10-367]

The results from the present study suggested that abdominal cavity drainage fluid had a certain amount of protein. Surgery for gastrointestinal or retroperitoneal tumors have a large wound surface area, a widely cleaning of lymph nodes, and a severe cutting off of blood capillaries and lymphatic vessels, all of which can lead to the transfer of protein from tissue fluid into the abdominal cavity drainage fluid. Quek et al observed that even if adding protein, some patients still had the levels of serum protein fallen.[@b15-cia-10-367] Loss of protein through abdominal cavity drainage fluid should be specially considered in these patients and it is very important to supply the protein in time according to the total amount of abdominal cavity drainage fluid.

Conclusion
==========

In conclusion, the current study described the characteristics of abdominal cavity drainage fluid in patients without postoperative complications after surgery for gastrointestinal or retroperitoneal tumors, and provided an experimental basis for establishing a reliable standard reference range for abdominal cavity drainage fluid used to screen for postoperative complications.
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Characteristics of abdominal cavity drainage fluid in Chinese patients without postoperative complications after surgery for gastrointestinal or retroperitoneal tumors

  Characteristics                          All (n=262)                          Upper gastrointestinal group (n=93)   Lower gastrointestinal group (n=115)   Retroperitoneal group (n=54)         *P*-value
  ---------------------------------------- ------------------------------------ ------------------------------------- -------------------------------------- ------------------------------------ -----------
  Total amount (mL)                        204 (0--6,195)                       257 (10--6,197)                       159 (0--4,770)                         280 (20--4,079)                      0.012
  **Color**                                                                                                                                                                                       0.119
  Dark red (%)                             200 (76.3)                           63 (67.7)                             91 (79.1)                              46 (85.2)                            
  Red brown (%)                            33 (12.6)                            14 (15.1)                             13 (11.3)                              6 (11.1)                             
  Tawny (%)                                3 (1.1)                              3 (3.2)                               0 (0)                                  0 (0)                                
  Light red (%)                            3 (1.1)                              1 (1.1)                               1 (0.9)                                1 (1.9)                              
  Light yellow (%)                         23 (8.8)                             12 (12.9)                             10 (8.7)                               1 (1.9)                              
  **Transparency**                                                                                                                                                                                0.671
  Transparent (%)                          2 (0.8%)                             0 (0)                                 1 (0.9)                                1 (1.9)                              
  Micromixing (%)                          11 (4.2%)                            5 (5.4)                               3 (2.6)                                48 (88.9)                            
  Turbid (%)                               243 (92.7%)                          86 (92.5)                             109 (94.8)                             3 (5.6)                              
  Hemic (%)                                6 (2.3%)                             2 (2.2)                               2 (1.7)                                2 (3.7)                              
  Density (kg/m^3^)                        1.032 (1.011--1.047)                 1.031 (1.011--1.046)                  1.032 (1.020--1.047)                   1.033 (1.018--1.046)                 0.370
  pH                                       7.0 (5.0--7.5)                       7.9 (5.5--7.2)                        7.0 (5.0--7.5)                         7.0 (5.5--7.2)                       0.148
  Total number of cells (/L)               1.3×10^11^ (5.5×10^8^--6.2×10^12^)   0.5×10^11^ (8.5×10^8^--6.1×10^12^)    1.7×10^11^ (5.5×10^8^--4.6×10^12^)     1.9×10^11^ (9.0×10^8^--6.2×10^12^)   \<0.001
  Total number of white blood cells (/L)   3.7×10^9^ (1.0×10^7^--5.0×10^11^)    2.4×10^9^ (2.0×10^7^--5.0×10^11^)     6.3×10^9^ (1.0×10^7^--2.0×10^11^)      4.2×10^9^ (1.0×10^7^--1.0×10^11^)    0.031
  Number of multinucleated cells           0.92 (0.05--0.99)                    0.86 (0.05--0.99)                     0.93 (0.09--0.99)                      0.92 (0.10--0.99)                    0.005
  Number of monocytes                      0.08 (0--0.95)                       0.14 (0.01--0.95)                     0.07 (0.00--0.91)                      0.07 (0.00--0.90)                    0.001
  Sugar (mmol/L)                           3 (0--37)                            5 (0--37)                             2 (0--30)                              3 (0--12)                            0.004
  Protein (g/L)                            39 (1--272)                          38 (3--73)                            39 (1--132)                            39 (15--272)                         0.052
  Chloride (mmol/L)                        113 (90--152)                        113 (97--138)                         113 (90--152)                          112 (93--135)                        0.642
